Introduction {#j_hukin-2017-0132_s_001}
============

Although a high proportion of soccer specific training content is performed collectively as a team, it is crucial that the positional demands of the game and subsequent training approaches are taken into consideration to maximize performance. Soccer as a sport at the elite level is suggested to require many physical, physiological and psychological characteristics to align in order to become successful ([@j_hukin-2017-0132_ref_011]). Previous research has suggested that body composition analyses are vital when determining success in elite sport ([@j_hukin-2017-0132_ref_003]; [@j_hukin-2017-0132_ref_005]). [@j_hukin-2017-0132_ref_003] recently revealed notable fat mass reductions in line with an increase in fat free mass without hardly any variation in body mass between in-season testing sessions. However, contrasting findings were described by [@j_hukin-2017-0132_ref_005] who found no notable changes in body composition across the season.

Variables discussed and highlighted among the literature are suggested to be largely dependent on heredity while also being correlated with age, gender, dietary habits, training and competitive match play loadings. The induced physical stress of professional soccer training and competitive matches across a whole season may modulate players' body composition and plays a major role in their physical profile ([@j_hukin-2017-0132_ref_009]); however, body composition changes in professional soccer during the season have only been scarcely investigated ([@j_hukin-2017-0132_ref_003]; [@j_hukin-2017-0132_ref_005]; [@j_hukin-2017-0132_ref_010]). Positional differences are commonly cited within the literature when detailing the activity profiles and workloads of soccer players. Literature has highlighted the positional differences in player time and motion analysis profiles within professional soccer ([@j_hukin-2017-0132_ref_002]; [@j_hukin-2017-0132_ref_008]), which subsequently impose significant variations of the physical expenditure of players in both competition and training ([@j_hukin-2017-0132_ref_002]; [@j_hukin-2017-0132_ref_007]). [@j_hukin-2017-0132_ref_001] described how midfield players tended to undertake more periods of low to moderate intensity activity for longer duration, while being stationary for significantly less time when compared to other outfield positional roles. This in turn corresponded to more total distance covered during competitive matches compared to players in a more defensive or attacking role ([@j_hukin-2017-0132_ref_004]).

Furthermore, attacking based players (centre and wide forwards) were found to perform more maximal and longer duration sprints when compared to midfielders ([@j_hukin-2017-0132_ref_004]; [@j_hukin-2017-0132_ref_008]). Different soccer related activities such as jumping, long passing, tracking opposition runs, and the positional differences within the game place a different demand and intensity on the body ([@j_hukin-2017-0132_ref_002]). Based on this changed response of intensity level as a direct response to positional demands, the energetic costs placed on players may also significantly affect body compositional data across the season.

Despite concerns about the fact that body composition variables are an essential part of the evaluation and selection process of elite level athletes, standard data on such variables within elite level European soccer are still very limited. As a result, the purpose of this particular study was to highlight the changes and differences in relation to fat displacement and playing positions amongst professional players in addition to highlighting other body compositional changes across a competitive season.

It may be hypothesized that variations in soccer player's body composition occur gradually across the season. Additionally, the positional role played within training and matches may influence changes in body composition variables tested based on the various training and match based workloads and variance in energy cost.

Methods {#j_hukin-2017-0132_s_002}
=======

Participants {#j_hukin-2017-0132_s_002_s_001}
------------

Twenty-two elite male European soccer players were tested and assessed throughout this investigation (age = 24 ± 3.7 years, mean height = 180.45 ± 5.12 cm, mean body mass = 76.66 ± 5.34 kg). The players' mass (kg), lean body mass (LBM), fat free mass (FFM), fat mass (FM), muscle girths (MG) and sum of 4, 7 and 8 skinfolds (mm) for the determination of fat displacement were measured across 5 time points of the competitive season (T0 = Start of pre-season training; T1 = End of pre-season training; T2 = Mid-season; T3 = End of mid-season break; T4 = End of season). Players were divided into their tactical units for analysis (Defenders n = 8, Midfielders n = 8 and Forwards n = 6). Written informed consent was received from each subject following the explanation of the aims and potential benefits and risks associated to participation in the investigation. Procedures for the study were in accordance with the Declaration of Helsinki and approved by the ethical committee of the University and by the Servette Centre for Football Research Group respectively, before assessments were commenced.

Design and Procedures {#j_hukin-2017-0132_s_002_s_002}
---------------------

To examine seasonal changes in body composition across various playing positions amongst elite European professional soccer players, data was collected across a 46-week period, encompassing the complete schedule of the 2014-2015 competitive season. To correspond with the periodised training structure implemented, body composition analysis was performed across 4 phases of training, initiating in June (pre-season) and concluding in May (end of season) and was inclusive of 5 specific data collection time points as shown in [Figure 1](#j_hukin-2017-0132_fig_001){ref-type="fig"}.

![Body Composition Testing Timeline](hukin-62-177-g001){#j_hukin-2017-0132_fig_001}

Body compositional assessment was supervised and performed by the sport science and medical department of the club with testing performed by the same ISAK certified practitioner throughout the seasonal investigation period in accordance with the standardised techniques adopted by the International Society for the Advancement of Kinanthropometry (ISAK). Players were instructed to arrive at the laboratory in a post-absorptive (overnight fast), hydrated state prior to assessing body composition.

In total, fourteen assessment variables were examined across the investigation period as part of the restricted body compositional profile protocol implemented. Skinfold thickness (mm) was measured at 8 identified anatomical landmark sites, inclusive of subscapular, bicep, tricep, iliac crest, supraspinale, abdominal, front thigh and medial calf using a Harpenden caliper (British Indicators Ltd., St. Albans, UK). To complete the restricted body composition profile, basic measurements of stature (stadiometer) and body mass (CIRCA, California, USA) were collected in addition to five girths landmark sites. Using a specific anthropometric tape (Gulick, Creative Health Products, Plymouth, MI) measurement of the arm (at the level of the mid-acromialeradiale site) was performed for both relaxed and arm flexed / tensed positions, while waist (minimum), gluteal and calf (maximum) girths were also documented.

All measurements were taken in accordance with the guidelines of the International Society for the Advancement of Kinanthropometry (ISAK). All landmark sites were firstly identified before any measurements were recorded, with each site being measured in succession to avoid experimenter bias and reduce the effects of skinfold-compressibility prior to repeating measurements for a second time. A further third measurement was made in instances where the technical error of measurement (TEM) was not within 5% of the first skinfold measurement recorded, or within 1% of the first for all other dimensions, respectively. Previous test-retest reliability scores for the sum of 4, 7 and 8 skinfolds and body measures within similar populations had been high (ICCs range 0.92 to 0.97) ([@j_hukin-2017-0132_ref_010]). With respect to data analysis, on occasions where three measures were required, the median value, rather than the mean value of the data recorded was used for analysis.

Statistical analysis {#j_hukin-2017-0132_s_002_s_003}
--------------------

Means ± standard deviations \[SD\] were used to describe all the different playing positional body composition variables throughout the investigation. The normality of data was verified using the Kolmogorov-Smirnov test. Friedman's two-way ANOVA for repeated measures was used to determine the differences between the phases of the study, with each subject serving as his own control. When a significant χ^2^ value was achieved, appropriate Wilcoxon post-hoc test procedures were used to locate the difference between T0 and T1-T4. The effect size was calculated for all ANOVAs using a partial eta-squared. Values of 0.01, 0.06 and above 0.15 were considered as small, medium and large, respectively ([@j_hukin-2017-0132_ref_006]). Statistical analyses were performed using SPSS software statistical package (SPSS Inc., Chicago, IL, version. 16.0), and statistical significance was set at *p* \< 0.05.

Results {#j_hukin-2017-0132_s_003}
=======

Body composition according to the positional role {#j_hukin-2017-0132_s_003_s_001}
-------------------------------------------------

The mean values (± SD) of body composition (calf girth, Sites-4, Sites-7, Sites-8, Lean mass, and Fat mass) distributed across five separate testing points, and organised within playing positions within the season are presented in [Table 1](#j_hukin-2017-0132_tab_001){ref-type="table"}.

###### 

Body composition in professional soccer players according to three playing positions at five different points across the season (mean ± SD, n = 17).

                   T0              T1               T2             T3                T4              Chi-square
  ---------------- --------------- ---------------- -------------- ----------------- --------------- ---------------------------------------------------------------
  **Calf girth**                                                                                     
  All players      37.15 ±2.14     37.64 ± 2.24     37.81 ±2.17    37.69 ±2.15       37.44 ± 2.07    18.28[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  Defenders        38.58 ± 1.53    38.85 ±1.77      38.87 ±1.66    38.85 ±1.71       38.45 ± 1.45    6.23
  Midfielders      36.17 ±2.54     36.83 ± 2.78     36.65 ± 2.83   36.32 ± 2.58      36.08 ±2.51     12.48\*\*
  Forwards         36.62 ± 1.56    37.16 ±1.72      37.92 ±1.31    37.94 ±1.30       37.84 ±1.47     12.93[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  **Sites 4**                                                                                        
  All players      33.51 ±6.57     30.08 ± 6.02     27.21 ±4.30    26.62 ±4.18       28.08 ±4.60     39.91[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  Defenders        36.12 ±5.98     31.20 ±4.16      27.98 ±4.22    27.27 ±4.19       27.85 ±3.32     16.00[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  Midfielders      30.18 ±5.78     27.85 ± 5.79\]   25.31 ±4.07    25.22 ± 3.43\]    27.10 ± 3.46    18.00[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  Forwards         34.36 ± 7.65    31.42 ± 8.37     28.58 ±4.75    27.51 ± 5.35      29.54 ± 7.20    9.28[^\*^](#j_hukin-2017-0132_fn_006){ref-type="table-fn"}
  **Sites 7**                                                                                        
  All players      50.35 ± 8.44    46.54 ± 7.95     44.44 ± 6.06   43.23 ± 5.83      45.21 ± 6.46    32.68[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  Defenders        52.92 ± 7.86    48.58 ± 6.91     45.92 ±4.51    44.33 ±4.18       45.48 ± 4.68    14.35[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  Midfielders      45.65 ± 6.49    41.37 ±5.96      40.93 ± 5.22   39.98 ± 4.05      43.45 ± 5.61    13.07[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  Forwards         52.90 ± 10.20   50.30 ± 9.21     46.89 ± 7.63   45.81 ± 8.23      46.98 ± 9.58    14.99[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  **Sites 8**                                                                                        
  All players      63.51 ±11.87    57.06 ±10.61     53.52 ± 7.89   51.99 ± 7.29      55.01 ± 7.96    42.09[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  Defenders        67.45 ± 11.01   59.18 ±8.13      55.25 ± 6.20   53.38 ± 4.82      55.22 ±4.36     15.60[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  Midfielders      57.18 ±10.54    51.33 ±9.18      49.42 ± 7.58   48.18 ±5.71       52.53 ±7.19     15.69[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  Forwards         66.38 ± 13.41   61.3 ±13.52      56.37 ±9.46    54.87 ±10.38      57.74 ± 12.11   14.24[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  **Lean mass**                                                                                      
  All players      67.21 ±5.31     68.23 ± 5.49     69.01 ±5.11    68.95 ± 5.24      68.71 ±5.13     29.93[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  Defenders        69.88 ±4.37     70.84 ± 4.96     71.18 ±4.79    71.18 ±4.79       70.66 ± 4.24    9.73[^\*^](#j_hukin-2017-0132_fn_006){ref-type="table-fn"}
  Midfielders      64.16 ± 6.61    64.83 ± 6.52 j   65.94 ±6.37    j 65.94 ±6.37 j   65.81 ±6.78     12.73[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  Forwards         67.68 ± 3.03    69.18 ±2.85      69.88 ± 2.86   69.88 ± 2.86      69.86 ± 2.28    11.68[^\*^](#j_hukin-2017-0132_fn_006){ref-type="table-fn"}
  **Fat mass**                                                                                       
  All players      7.47 ±1.78      6.79 ± 1.54      6.35 ±1.17     6.24 ±1.16        6.56 ±1.21      30.83[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  Defenders        8.26 ± 1.54     7.23 ± 1.04      6.72 ± 0.97    6.58 ±0.81        6.74 ±0.62      13.33[^\*\*^](#j_hukin-2017-0132_fn_001){ref-type="table-fn"}
  Midfielders      6.30 ± 1.34     5.76 ± 1.09      5.58 ± 0.83    5.50 ± 0.60       5.96 ± 0.83     11.06[^\*^](#j_hukin-2017-0132_fn_006){ref-type="table-fn"}
  Forwards         7.94 ± 2.04     7.48 ± 2.04      6.83 ± 1.43    6.70 ±1.69        7.06 ± 1.90     12.00[^\*^](#j_hukin-2017-0132_fn_006){ref-type="table-fn"}

between sessions.

T0 = Start of pre-season training; T1 = End of pre-season training:

T2 = Mid-season; T3 = End of mid-season; T4 = End of season.

Significant difference: *p* \< 0.01

Significant difference: *p* \< 0.05;

Friedman's two-way ANOVA for repeated measures demonstrated a significant difference in all estimated body composition variables at the five data collection time points sessions (*p* \< 0.05 to 0.001). Sites-4, Sites-7, Sites-8 and Fat Mass decreased dramatically from the start (T0) to the end of the pre-season (T1) and the Mid-season (T2) in all playing positions as highlighted in [Figure 2](#j_hukin-2017-0132_fig_002){ref-type="fig"}. Sites-4, Sites-7, Sites-8 and Fat Mass values were lower in T2, T3 and T4 compared to T1 and especially T0. However, as shown in [Figure 1](#j_hukin-2017-0132_fig_001){ref-type="fig"}, no remarkable differences were found between T2, T3 and T4. On the contrary, lean mass was significantly higher in T1 compared to T0 in all playing positions. Except for Defenders, calf girth increased from T0 to T1 (*p* \< 0.01). Calf girth and lean mass were higher in T2, T3 and T4 compared to T0 and T1. Values in T4 were slightly lower than in T2 and T3.

![Seasonal changes in body composition variants. ^a^ Significantly different from T0; ^b^ Significantly different from T1; ^c^ Significantly different from T2; ^d^ Significantly different from T3 (*p* \< 0.05).](hukin-62-177-g002){#j_hukin-2017-0132_fig_002}

Midfielders had less fat mass than all the other playing positions. Additionally, midfielders were found to be leaner than forwards and defenders in all data collection time point sessions. Defenders showed higher values in calf girth and lean mass than midfielders and forwards. Sites-4, Sites-7, Sites-8 and fat mass decreased in all playing positions from T0 to T4, however, values at the end of the season were slightly higher than in T2 and T3. Calf girth and lean mass increased from T0 to T4. However, values at the end of the season were higher than in T2 and T3.

Discussion {#j_hukin-2017-0132_s_004}
==========

The study of body composition is important in those sports where body weight must be moved repeatedly against gravity. Body composition among soccer players is likely to change during the course of the competitive season as a result of training and competition, habitual activity, and diet. Similar to other investigations, the present study demonstrated significant intra-season differences in body composition. Fat mass decreased significantly at T1, T2, T3 and T4 compared with start of pre-season training (T0) which is in line with previous studies ([@j_hukin-2017-0132_ref_010]). In the current study, the loss in body fat during the preseason period may have been a direct result of the high levels of aerobic, anaerobic, and muscle strength training performed during this period coupled with preseason training games on the back of a training cessation period. This is supported by [@j_hukin-2017-0132_ref_012] who states that low body fat is a direct reflection of high training intensities, whereas [@j_hukin-2017-0132_ref_001] states that match play places high demands on the aerobic energy system (90%) and causes large energy expenditure; therefore, the body uses fat stores as energy. The players' percent body fat continued to decrease significantly at T2, T3 and T4 compared with T1. These results are similar to those provided by [@j_hukin-2017-0132_ref_010] who also studied professional soccer players and proposed that it may be as a result of regular training and match play. In addition, and as a result of the training influence on body composition, a significant increase in lean mass and calf girth in T1, T2, T3 and T4 compared with T0 was observed.

Elite level soccer players are usually exposed to demanding training schedules, which may include repeated, high-intensity sessions performed on consecutive days, multiple times per week. Each training session places high physical demands on players as they experience repeated moderate and rapid accelerations and decelerations, explosive jumps, and muscle eccentric loads ([@j_hukin-2017-0132_ref_008]; [@j_hukin-2017-0132_ref_013]). These training demands may impose strains to various physiological systems including musculoskeletal, nervous, immune and metabolic ([@j_hukin-2017-0132_ref_001]). Thus, the knowledge on the relationship between playing exposure and physical fitness and body composition variables throughout the season would be helpful in the management of training programs.

Ensuring large subject participation within elite level soccer research is extremely difficult. For this particular investigation one of the limitations was that it did not include physical training and match outputs in terms of time motion analysis, energetic demands and other physical performance indicators shown through global positioning systems or a heart rate perspective. Possibility to include this data within the study would add significant value to the overall conclusions of the investigation. The variation of cultures across the current published literature in this area highlights a difficulty of being able to compare data across players. This may result from food types or lifestyle variation across these cultures having a different outcome when coupled with professional training environments ([@j_hukin-2017-0132_ref_003]). Additionally, the country the experiment was conducted and its conditional environment also may be deemed as a limitation again based on the fact that it may be difficult to compare data across different continents. Therefore, with respect to this investigation, future research should look to draw from a larger subject pool in addition to increasing the number of testing sessions in order to add greater strength to the association of positional body site changes occurring and a period of the season. Future research would benefit from the development of a clear relationship between body compositional changes and internal and external physical output data across the season in addition to understanding the changes between players who are classed as starting players vs. substitutions.

In summary, this study provides normative data and performance standards for professional male soccer players, in order to allow individuals involved within the physical preparation or development to understand and determine the physical profile and body composition during the preseason and in-season phase. Furthermore, these specific profile standards may be used in a recruitment or talent selection process also to align specific physical qualities. Players who show adequate technical and tactical qualities may be further enhanced by bringing the physical qualities in line with values present in the current study as a benchmark for professional soccer players.

The results of this study suggest that soccer players appear to improve body composition during preseason. The "off season" appears to represent a period of significant reduction in sport-specific fitness in soccer players which in turn would reduce energy expenditure and cause a detraining effect and subsequent increased body-fat ([@j_hukin-2017-0132_ref_002]). Offseason light "maintenance" training (2--3 times a week) should therefore be used to attempt to minimize these reductions. In doing so, players would already be closer to midseason peak match fitness at the start of the season, which would reduce the pressure on players to quickly regain large fitness deficits lost during the off-season. Also, fitness training elements of preseason training could be refined for quality, permitting more time for engaging in match play and thus enabling players to adapt to the apparent unique demands of actual game play earlier in the season. It is also recommended that to help maximize speed performance, players should carry as little body fat as possible.

It can be concluded from this investigation that there are large variances between positional body composition profiles amongst professional European soccer players. Furthermore, significant changes occur across the season from LBM, FFM, MG and skinfold assessment amongst elite European level soccer players.
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